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(54) Drive linkage for an automotive windshield wiper system 


(57) A drive linkage for an automotive windshield 
wiper system comprises a crank (10), a link member 
(14) and at least one ball joint connecting the link mem- 
ber (14) with the crank (10). A ball stud (22) is provided 
with a ball portion (24) and a shaft portion (26) that has 
an axis (A1) shifted with respect to an axis (A2) passing 
through the center of the ball portion (24). A cylindrical 
mounting hole (28) is provided in the crank (1 0). For ad- 


justment and assembly, an end of the shaft portion (26) 
is presented co-axially in front of the mounting hole (28). 
The ball stud (22) is rotated about the axis (A1) of the 
shaft portion (26) to a predetermined position with re- 
spect to the crank (1 0). The shaft portion (26) of the ball 
stud (22) is then press-fitted in the mounting hole (28) 
while the ball stud (22) is maintained in the predeter- 
mined position about the axis of the mounting hole (28). 


Fig. 2 
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Description 

[0001 ] The present invention relates to a drive linkage 
for an automotive windshield wiper system and to a 
method of pre-assembling such a drive linkage. 
[0002] A drive linkage for an automotive windshield 
wiper system usually comprises a crank mounted on 
and driven by an output shaft of an electric motor, one 
link member for each wiper and a ball joint for each link 
member to pivotally connect the link member with the 
crank. A ball joint typically has a ball stud with a ball 
portion and a co-axial shaft portion. The shaft portion 
has a threaded end and is assembled with the crank by 
insertion in a through hole of the crank and engaging a 
screw nut on the threaded end of the shaft portion. 
[0003] The wiping area on the windshield is deter- 
mined by the pivotal movement of the wipers which, in 
turn, depends on the complex movement of the link 
members. The predominant factor that determines 
movement of the link members is the radius on which a 
link member is connected to the crank with respect to 
the axis of the output shaft of the electric motor. 
[0004] To compensate for tolerances in manufacture, 
it would therefore be advantageous to permit adjust- 
ment of such radius upon assembly of the linkage. One 
way to adjust the radius is to provide each ball joint with 
a ball stud that has a ball portion eccentric with respect 
to the shaft portion and to mount the ball stud on the 
crank in the appropriate angular position with respect to 
the axis of the ball stud. 

[0005] The present invention provides a drive linkage 
for an automotive windshield wiper system, and a meth- 
od of pre-assembling such drive linkage, that permit an 
easy and economic compensation for manufacturing 
tolerances of its components. 

[0006] Specifically, the invention provides a method 
of pre-assembling a drive linkage for an automotive 
windshield wiper system, the linkage comprising a 
crank, a link member and at least one ball joint connect- 
ing the link member with the crank. A ball stud is provid- 
ed with a ball portion and a shaft portion that has an axis 
shifted with respect to an axis passing through the cen- 
tre of the ball portion. A cylindrical mounting hole is pro- 
vided in the crank. An end of the shaft portion is present- 
ed co-axially in front of the mounting hole. The ball stud 
is rotated about the axis of the shaft portion to a prede- 
termined position with respect to the crank. The shaft 
portion of the ball stud is then press-fitted in the mount- 
ing hole while the ball stud is maintained in the prede- 
termined position about the axis of the mounting hole. 
Thus, by rotating the ball stud about its axis until the 
outer periphery of the eccentric ball portion has as- 
sumed a position corresponding to the required distance 
from the centre of rotation of the crank, even large tol- 
erances of manufacture can be compensated for. The 
final assembly of the ball stud with the crank is an 
straightforward operation requiring only a pressing ac- 
tion. Double ball joints for connecting a pair of link mem- 


bers to the crank, one for each wiper, can be produced 
in a generally similar manner by engaging with a press- 
fit a shaft portion of one of a pair of ball studs in a hole 
or sleeve of the other. Both ball studs may have an ec- 

5 centric ball portion so that each of the two ball joints may 
be adjusted precisely independent of the other by rota- 
tion of the respective ball stud about its axis. In the pre- 
ferred embodiment of the inventive method, the crank, 
the ball stud and the link member are provisionally as- 

10 sembled with a releasable fit of the ball stud shaft in the 
mounting hole of the crank. The resulting assembly is 
then installed on a measurement bench and operated 
through at least one complete wiping cycle. During such 
test wiping cycle, an error of the resulting wiping pattern 

15 is detected. The detected error is then corrected by ro- 
tating the ball stud about the axis of the shaft portion by 
an amount determined to correct the detected error. In 
the final step, the shaft portion of the ball stud is perma- 
nently fixed in the mounting hole with a press-fit. These 

20 operations are preferably automated and controlled by 
computer. By detecting the error in a test cycle after the 
provisional assembly, all cumulated tolerances are tak- 
en into account. 

[0007] In a first aspect, the inventive drive linkage for 
25 an automotive windshield wiper system, comprises a 
crank, a link member and at least one ball joint connect- 
ing the link member with the crank. The ball joint com- 
prises a ball stud with a ball portion and a shaft portion 
that has an axis shifted with respect to an axis passing 
30 through the centre of the ball portion. The crank has a 
mounting hole, and the shaft portion of the ball stud is 
press-fitted into the mounting hole in a predetermined 
angular position about the axis of the shaft portion. 
[0008] For a wiper system requiring a double ball joint, 
35 and in accordance with a second aspect of the invention, 
a drive linkage for an automotive windshield wiper sys- 
tem comprises a crank, a pair of link members and a 
pair of ball joints each connecting the crank with one of 
the pair of link members. A first one of the pair of ball 
40 joints comprises a first ball stud with a ball portion and 
a shaft portion axially opposite the ball portion. A second 
one of the pair of ball joints comprises a second ball stud 
with a ball portion and a sleeve portion, the sleeve por- 
tion having a cylindrical engagement hole axially oppo- 
45 site the ball portion. The crank has a mounting hole, and 
the shaft portion of the first ball stud is press fitted into 
the engagement hole in the sleeve portion of the second 
ball stud while the sleeve portion of the second ball stud 
is press-fitted into the mounting hole of the crank. 
50 Further advantages and features of the invention 

will become apparent from the following description of 
several embodiments with reference to the drawings. In 
the drawings: 

55 - Figure 1 schematically illustrates th e geometry of 
a conventional drive linkage for an automotive wind 
shield wiper system; 
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Figure 2 is a partially sectioned view illustrating the 
adjustment and mounting steps during assembly of 
a ball stud with a crank; 

Figure 3 is a similar view illustrating adjustment and 5 
mounting steps for a double-type ball stud; 


Figure 4 is a sectional view of an assembled double 
ball joint; 

Figure 5 is a partially sectioned per spective view 
illustrating angular adjustment of an eccentric ball 
stud prior to the assembly step; 

Figure 6 is a similar view showing the ball stud in a 
condition assembled with a crank; 

Figure 7 is a view corresponding to that of Figure 5, 
but showing an alternative embodiment; 

Figure 8 is a view corresponding to Figure 6, but 
illustrating the alternative embodiment; 

Figure 9 is a sectional view of an assembled ball 
joint connecting a link member with a crank; 

Figure 1 0a shows components of a double ball stud 
prior to assembly; 

Figure 1 0b is a similar view, but showing one com- 
ponent in an axial section; 

Figure 11a shows the components of Figure 10 in 
an assembled condition; 

Figure 1 1 b is similar to Figure 1 1 a, but shows one 
of the components in an axial section; 

Figure 1 2 is an enlarged view of detail "A" in Figure 
10a; 

Figure 13 shows an alternative embodiment of a 
double ball stud as viewed in different rotational po- 
sitions; and 

Figure 14 is a view corresponding to that of Figure 
13, but partially sectioned. 

[0009] In a conventional drive linkage for an automo- 
tive wind shield wiper system, as seen in Figure 1, a 
crank 1 0 is driven in rotation by an output shaft 1 2 of an 
electric motor. The outer end of crank 10 is coupled to 
first ends of a pair of link members 14, 16, the second 
ends of which are connected to one of a pair of crank 
arms 18, 20. Each crank arm 18, 20 is connected to a 
pivot shaft on which a wiper arm is mounted. 
[0010] Essential parameters that determine the wip- 
ing pattern on the wind shield are: 


a first radius R1 on which link member 14 is con- 
nected to crank 10; 

a second radius R2 on which link member 1 6 is con- 
nected to crank 10; 

a third radius R3 equivalent to the length of crank 
arm 18; 

10 - a fourth radius R4 equivalent to the length of crank 
arm 20. 

[0011] Usually, the third and fourth radiuses R3 and 
R4 should be equal. 

15 [0012] In a conventional drive linkage, these param- 
eters are adjusted after assembly to achieve a desired 
wiping pattern on the wind shield. 
[0013] The connections between crank 10 and both 
link members 14,16 are each materialized by a ball joint. 

20 Ball joints are also used to connect the link members 
14, 1 6 to each of the crank arms 1 8, 20. 
[0014] A ball joint consists of a ball stud and a socket 
engaged around the ball portion of the ball stud. In Fig- 
ure 2, a ball stud 22 to be assembled with crank 10 is 

25 shown. Ball stud 22 consists of a ball portion 24 and a 
shaft portion 26. Shaft portion 26 is cylindrical with a 
knurled peripheral surface. Crank 10 has a cylindrical 
mounting hole 28 the diameter of which is slightly small- 
er than the outer diameter of shaft portion 26. Shaft por- 

30 tion 26 has an axis A1 that is shifted from an axis A2 
passing through the center of ball portion 24. Thus, ball 
portion 24 is eccentric with respect to shaft portion 26. 
On its axial side opposite the shaft portion 26, the ball 
portion 24 has a flat, and a cylindrical engagement hole 

35 30 extends inwardly from the flat into ball portion 24. 
Engagement hole 30 is coaxial with shaft portion 26. 
[0015] Prior to assembly of ball stud 22 with crank 10, 
the shaft portion 26 is coaxially aligned with and pre- 
sented in front of mounting hole 28, as seen in Figure 

40 2. The distance of the peripheral surface of wall portion 
24 is measured with respect to a fixed reference along 
an equatorial line of ball portion 24. A special clamping 
and pressing tool 32 is preferably used to hold an rotate 
ball stud 22 during this operation. Tool 32 has flexibly 

45 spreadable clamping fingers on its end penetrating into 
engagement hole 30, and an axially movable shaft that 
has a tapered forward end penetrates between the 
clamping fingers urging them outwardly and into en- 
gagement with the surface of the engagement hole 30. 

50 [001 6] After the ball stud 22 has been adjusted to the 
correct angular position about axis A1 , corresponding 
to a predetermined distance of its peripheral surface 
from the fixed reference, shaft portion 26 is engaged in 
mounting hole 28 with a press-fit. Additional riveting is 

55 usually not required, but may be applied to reinforce the 
connection between crank 10 and ball stud 22. 
[0017] The engagement hole 30 serves multiple pur- 
poses. Besides facilitating the adjustment and assembly 
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steps, the engagement hole 30 may cooperate with a 
limiting member on the socket part of the ball joint, that 
penetrates into the hole and abuts against its internal 
walls to limit pivotal movement between the socket and 
the ball stud. 

[0018] Another use of engagement hole 30 is appar- 
ent from Figure 3. As seen in that figure, a double ball 
stud can be formed easily by engaging the shaft portion 
26a of a second ball stud 22a into engagement hole 30 
of ball portion 24. Ball studs 22 and 22a are generally 
similar, although ball stud 22a may have a ball portion 
24a with a smaller diameter. In particular, ball stud 22a 
also has a ball portion 24a that is eccentric with respect 
to its shaft portion 26a. Prior to assembly of the double 
ball stud with crank 10, ball stud 22a is adjusted by ro- 
tation about the axis of its shaft portion 26a until studs 
22 and 22a are correctly aligned. Shaft portion 26a is 
then engaged in hole 30 with a press-fit. Thereafter, the 
adjustment and assembly steps are carried out in a 
manner similar to that described with respect to Figure 
4, except that clamping and pressing tool 32 will engage 
into engagement hole 30a of ball stud 22a. 
[0019] Figure 4 shows crank 1 0 as assembled with a 
double ball joint as obtained by the steps illustrated in 
Figure 3, the socket portions 34, 36 of the ball joints and 
the link members 14, 16 being also shown. As a result 
of the adjustment steps, link member 14 is connected 
to crank 1 0 on an effective radius R1 , and link member 
16 is connected to crank 10 on an effective radius R2 
with respect to the axis of rotation of crank 1 0. 
[0020] In the embodiment shown in Figures 5 and 6, 
a crank 40 is connected to a link member 42 by means 
of a ball joint that consists of a ball stud 44 and a socket 
46. Ball stud 44 has a shaft portion 48 whereon three 
axially adjacent sections can be identified: a guiding 
section 48a, a mounting section 48b and an engage- 
ment section 48c, the mounting section 48b having a 
knurled peripheral surface and being located between 
the guiding section 48a and the engagement section 
48c. In the condition shown in Figure 5, guiding section 
48a is accommodated in a mounting hole of crank 40 
with a loose fit so that rotation of ball stud 44 remains 
possible. In this embodiment, too, ball stud 44 has an 
eccentric ball portion so that rotation about the axis of 
shaft portion 48, as indicated in Figure 5 by an arrow, 
allows for an adjustment of the ball joint similar to the 
embodiment in Figure 2. Engagement section 48c is 
configured to match with a special tool (not shown) used 
to rotate ball stud 48 about its axis. When the correct 
rotational position of ball stud 48 is achieved, pressure 
is exerted axially on the end of engagement section 48c 
so that the mounting section 48b penetrates into the 
mounting hole of crank 40 and is engaged therein with 
a press-fit. A final assembly condition is illustrated in 
Figure 6. 

[0021] The embodiment shown in Figures 7 and 8 is 
generally similar to that in Figures 5 and 6, but the 
mounting section 48b with the knurled peripheral sur- 


face is located on the side of the ball portion of ball stud 
48, and the guide section 48a is located between en- 
gagement section 48c and mounting section 48b. While 
rotary adjustment in this embodiment is the same as that 
5 in the embodiment of Figures 5 and 6, thefinal assembly 
step requires axial pressure to be exterted from the side 
of the ball portion of ball stud 48. Figure 8 shows the ball 
joint in the assembled condition. 
[0022] As seen in Figure 9, to allow axial pressure to 
be exerted on the ball portion 50 of ball stud 48, the ball 
portion 50 has a cylindrical extension 52 on its side ax- 
ially opposite the shaft portion, terminating with a radi- 
ally projecting flange 54. In the final assembly step, a 
pressure force F acts on flange 54, as seen in Figure 9. 
Reaction forces G act on crank 10, as also illustrated in 
Figure 9. 

[0023] After assembly of ball stud 48 with crank 1 0, a 
socket 56 is threaded over ball portion 50 to connect link 
member 58. An annular, bellows-type sealing sleeve 60 
has a first axial end connected to socket 56 and a sec- 
ond axial end engaged about the cylindrical extension 
52 and retained thereon by flange 54, acting as a retain- 
er flange. Sealing sleeve 60 encloses a lubricant such 
as grease. 

[0024] Figures 10 and 11 show an embodiment of a 
double ball stud for use in the invention. The double ball 
stud consists of a first, female ball stud member 70 and 
a second, male ball stud member 72. Female ball stud 
member 70 consists of a ball portion 70a and a sleeve 
portion 70b. Sleeve portion 70b has a peripheral knurled 
engagement surface 70c for a press-fit in a mounting 
hole of the crank and an eccentric cylindrical engage- 
ment hole70d. Malestud member 72 has a shaft portion 
72a with a knurled peripheral surface for a press-fit in 
the engagement hole 70d of female stud member 70. 
Figure 10 shows the female stud member 70 and the 
malestud member 72 prior to assembly with each other. 
Figure 11 shows both stud members in the assembled 
condition where the shaft portion 72a of malestud mem- 
ber 72 is engaged in hole 70d of female stud member 
70 with a press-fit. As is seen, male stud member 72 
has a ball portion that is coaxial with its shaft portion, 
but the axis of stud member 72 is shifted with respect to 
an axis passing through the center of the ball portion 
70a of stud member 70. 

[0025] Assembly of the double ball stud with a crank 
is made in a manner similar to that in the embodiment 
of Figure 9. Prior to the final pressing step, the double 
ball stud is rotated about the axis of the female stud 
member 70 to achieve the required amount of eccen- 
tricity of stud member 72. 

[0026] Such adjustment by rotation of the double ball 
stud is facilitated by a feature referred to as "detail A" in 
Figure 1 0, which is separately shown in Figure 12 on an 
enlarged scale. According to this feature, the sleeve por- 
tion 70b of female stud member 70 is provided with a 
number of axially extending ribs 80 which slightly project 
radially. These ribs 80 provide a loose fit in the mounting 
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hole of the crank. After the double ball stud has been 
rotated to the correct position in the mounting hole of 
the crank, it is maintained in that position during the final 
pressing step by engagement of the ribs 80 into the ma- 
terial defining the mounting hole. Similar ribs can also 
be used in the embodiments shown in Figures 5 to 8, 
and also in the further embodiment that will now be de- 
scribed with reference to Figures 13 and 14. 
[0027] The embodiment in Figures 13 and 14 is gen- 
erally similar to that in Figures 10 and 11 , with two ex- 
ceptions. First, the female stud member 70 has a ball 
portion 70a that is eccentric with respect to the knurled 
engagement section 70c. Second, as seen in the sec- 
tional view of Figure 14, the female stud member 70 is 
composed of a stud portion 70e integrally formed with 
head portion 70a, and a sleeve portion 70f fitted around 
shaft portion 70e. The sleeve portion 70f is firmly con- 
nected to shaft portion 70e such as by soldering or 
crimping. The knurled shaft portion of stud member 72 
is engaged in sleeve member 70f with a press-fit. 

Claims 

1. A method of pre-assembling a drive linkage for an 
automotive windshield wiper system, the linkage 
comprising a crank, a link member and at least one 
ball joint connecting the link member with the crank, 
comprising the steps of 

a) providing a ball stud with a ball portion and 
a shaft portion that has an axis shifted with re- 
spect to an axis passing through the centre of 
the ball portion; 

b) providing a cylindrical mounting hole in said 
crank; 

c) presenting an end of the shaft portion co-ax- 
ially in front of the mounting hole; 

d) rotating the ball stud about the axis of the 
shaft portion to a predetermined position with 
respect to said crank; 

e) and press-fitting the shaft portion of the ball 
stud in the mounting hole while the ball stud is 
maintained in the predetermined position about 
the axis of the mounting hole. 

2. The method of claim 1 , wherein the predetermined 
position of the ball stud is determined by measuring 
the distance between the periphery of the ball por- 
tion and a fixed reference. 

3. The method of claim 1 or claim 2, wherein the ball 
portion is provided with a cylindrical engagement 
hole that extends coaxially with the shaft portion 


from an axial end opposite the shaft portion, and a 
rotatable press tool is engaged into the engage- 
ment hole to rotate the stud member to the prede- 
termined position and then subject the ball stud to 
5 axial pressure in the press-fitting step. 

4. The method of claim 3, wherein the press tool has 
a head portion with radially flexible clamping fingers 
and a spreading member to urge the clamping fin- 

10 gers radially outwardly into clamping engagement 
with internal wall portions of the engagement hole. 

5. The method of claim 3 or claim 4, wherein a pair of 
similar ball studs are assembled by engaging with 

15 a press-fit the shaft portion of one ball stud into the 
engagement hole of the other ball stud, and the 
shaft portion of the other ball stud is engaged with 
a press-fit into the mounting hole of the crank. 

20 6. The method of claim 5, wherein each of the pair of 
ball studs is rotated to and mounted in a respective 
predetermined position relative to the axis of the 
mounting hole. 

25 7. The method of any of the preceding claims, wherein 
the shaft portion of the ball stud is provided with a 
knurled peripheral surface. 

8. The method of claim 1 , wherein the shaft portion of 
30 the ball stud is provided with a guide section and 

with an interference section axially adjacent to the 
guide section, the guide section is rotatably re- 
ceived in the mounting hole of the crank for rotation 
to the predetermined position, and the ball stud is 
35 then subjected to axial pressure to introduce the in- 
terference section with a press-fit into the mounting 
hole. 

9. The method of claim 8, wherein the guide section 
40 is provided with axially extending engagement ribs 

dimensioned to prefix the shaft portion in the mount- 
ing hole while permitting rotation of the ball stud. 

10. The method of claim 8 or claim 9, wherein the guide 
45 section is provided between the interference sec- 
tion and the ball part and axial pressure is exerted 
on the shaft part of the ball stud. 

1 1 . The method of claim 8 or claim 9, wherein the inter- 
so ference section is provided between the guide sec- 
tion and the ball part and axial pressure is exerted 
on the ball part of the ball stud. 

12. The method of claim 12, wherein the ball portion of 
55 the ball stud is provided with an engagement exten- 
sion opposite the shaft portion. 

13. The method of claim 12, wherein the engagement 
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a first one of the pair of ball joints comprises a 
first ball stud with a ball portion and a shaft por- 
tion axially opposite the ball portion; 
a second one of the pair of ball joints comprises 
5 a second ball stud with a ball portion and a 

sleeve portion, the sleeve portion having a cy- 
lindrical engagement hole axially opposite the 
ball portion; 

the crank has a mounting hole; 
10 - the shaft portion of the first ball stud is press 
fitted into the engagement hole in the sleeve 
portion of the second ball stud; and 
the sleeve portion of the second ball stud is 
press-fitted into the mounting hole of the crank. 

15 

20. The drive linkage of claim 1 9, wherein the engage- 
ment hole in the sleeve portion of the second ball 
stud has an axis shifted with respect to an axis pass- 
ing through the centre of the ball portion. 

20 

21. The drive linkage of claim 19, wherein the sleeve 
portion of the second ball stud has a peripheral en- 
gagement surface with an axis shifted with respect 
to an axis passing through the centre of the ball por- 

25 tion. 

22. The drive linkage of any of claims 1 9 to 21 , wherein 
the ball portion and the shaft portion of the first ball 
stud are co-axial. 

30 

23. The drive linkage of any of claims 1 5 to 22, wherein 
the shaft portion of the ball stud has a knurled pe- 
ripheral surface. 


extension is provided with a retainer flange and a 
bellows-type sealing sleeve is fitted over at least 
part of the ball portion and is axially retained by the 
retainer flange. 

14. The method of any of claims 1 to 13, wherein the 
crank, the ball stud and the link member are assem- 
bled with a releasable fit of the ball stud shaft in the 
mounting hole of the crank, the resulting assembly 
is installed on a measurement bench and operated 
through at least one complete wiping cycle, an error 
of the resulting wiping pattern is detected, the de- 
tected error is corrected by rotating the ball stud 
about the axis of the shaft portion by an amount de- 
termined to correct the detected error, and the shaft 
portion of the ball stud is permanently fixed in the 
mounting hole with a press-fit. 

15. A drive linkage for an automotive windshield wiper 
system, comprising a crank, a link member and at 
least one ball joint connecting the link member with 
the crank, and characterised in that 

the ball joint comprises a ball stud with a ball 
portion and a shaft portion that has an axis shift- 
ed with respect to an axis passing through the 
centre of the ball portion; 
the crank has a mounting hole; and 
the shaft portion of the ball stud is press-fitted 
into the mounting hole in a predetermined an- 
gular position about the axis of the shaft por- 
tion. 

16. The drive linkage of claim 15, wherein the ball por- 
tion of the ball stud has a cylindrical engagement 
hole that extends inwardly co-axially with the shaft 
portion from an axial end opposite the shaft portion. 

17. The drive linkage of claim 1 6, wherein the ball por- 
tion of the ball stud has a flat on its axial end oppo- 
site the shaft portion and the engagement hole ex- 
tends from the flat. 

18. The drive linkage of claim 1 6 or claim 1 7, compris- 
ing a further ball joint for connection of the crank to 
a further link member, the further ball joint having a 
further ball stud with a ball portion and a shaft por- 
tion, said shaft portion having an axis shifted with 
respectto an axis passing through the centre of said 
ball portion, and said shaft portion of said further 
ball stud being press-fitted into the cylindrical en- 
gagement hole. 

19. A drive linkage for an automotive windshield wiper 
system, comprising a crank, a pair of link members 
and a pair of ball joints each connecting the crank 
with one of the pair of link members, and charac- 
terised in that 


35 24. The drive linkage of any of claims 19 to 23, wherein 
the sleeve portion of the second ball stud has a 
knurled peripheral engagement surface. 

25. The drive linkage of any of claims 1 4 to 1 9, wherein 
40 the shaft portion of the ball stud has a plurality of 

axially extending engagement ribs slightly project- 
ing on the peripheral surface of the shaft portion. 

26. The drive linkage of claim 25, wherein a knurled pe- 
45 ripheral engagement surface extends on a first axial 

section and the engagement ribs extend on a sec- 
ond axial section of the shaft portion adjacent the 
first section. 

50 27. The drive linkage of any of claims 1 9 to 23, wherein 
the sleeve portion of the ball stud has a plurality of 
axially extending engagement ribs slightly project- 
ing on the peripheral surface of the sleeve portion. 

55 28. The drive linkage of claim 27, wherein a knurled pe- 
ripheral engagement surface extends on a first axial 
section and the engagement ribs extend on a sec- 
ond axial section of the sleeve portion adjacent the 
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first section. 

29. The drive linkage of any of claims 1 5 to 28, wherein 
the ball portion of the ball stud has an axial engage- 
ment extension provided with a radially projecting 5 
retainer flange, and a bellows-type sealing sleeve 
is fitted over at least part of the ball portion and is 
axially retained by the retainer flange. 
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